Introduction
I nfantile hemangioma (IH), the most common tumor of infancy, is vascular tumor characterized by rapid proliferation of endothelial cells during the first few months of postnatal life, followed by slow involution. [1] The usual tendency is to involute, but intervention is needed in up to 20% of cases. [2] factor (bFGF), mono cytochrome attractant protein-1, and insulin-like growth factor-2 are upregulated [3] in proliferating hemangioma. As the endothelial cells differentiate an influx of mast cells, various cells and tissue inhibitors of metalloproteinases (TIMPs) occur. [4] TIMP along with interferon and transforming growth factor produced by mast cells terminates the endothelial cell proliferation and passively induces the involution of senescence of endothelial cells. TIMPs (TIMP-1, TIMP-2, TIMP-3, and TIMP-4) are a family of intrinsic inhibitors of matrix metalloproteinases (MMPs). [5] Of these, TIMP-1 and TIMP-2 have been found to be increased during the involution phase of IH. [4, 6, 7] In current studies, this increase has been observed in the tissue samples.
With the serendipitously identified role of propranolol in the treatment of IH, [8] it has now become as the preferred drug for the treatment of both hemangioma and its complications such as ulceration. There have been studies suggesting the action of propranolol on the VEGF. [9] [10] [11] [12] [13] However, it has not specifically mentioned as to how long the treatment with propranolol affects the VEGF. However, the effect of propranolol on factor responsible for the involution of IH, TIMP-1 and TIMP-2, has not been evaluated in the literature. Besides, no study has evaluated the serum levels of TIMP in patients of IH.
In this study, we attempted to assess whether propranolol has any effect on serum levels of VEGF and TIMP-2 over a period of time, and if it is there, how long it affects it.
Materials and Methods
This study was conducted in the pediatric surgery department of a medical university in collaboration with the department of pathology. It was a prospective cohort study. The study was approved by the hospital ethical committee. Inclusion criteria included all new patients of IH in need of treatment either due to cosmetic reasons or due to complications such as ulceration. The consent of patients' attendant was obtained. We followed the REporting recommendations for tumour MARKer (REMARK) prognostic studies protocol endorsed by the EQUATOR Network for conducting this study.
Before starting the propranolol treatment, the patients were assessed for the blood glucose and serum electrolyte levels. These levels were assessed at every monthly visit. Any history of asthma was ruled out on the basis of history. All patients were evaluated by two-dimensional echo and electrocardiogram for any cardiac problem.
Procedure
Propranolol was administered in the dosage of 1-2 mg/kg body weight, which was increased to 2-3 mg/kg body weight over a period of 3-5 days. During this period, the patients were admitted in ward for observation to look for and treat any unwanted complication, should it arise [ Figure 1 ]. The patients were discharged after that and called at monthly visit for evaluation and sample collection. The first serum sample was collected just before starting the propranolol treatment. Thereafter, samples were collected at monthly intervals up to a total of six samples. Since enzyme-linked immunosorbent assay (ELISA) kit contained 96 wells, 15 patients were taken as the maximum number for final analysis.
Sample evaluation
The samples were transported to the clinical biochemistry laboratory in the pathology department and stored in deep freezer at −20°C. The samples were assessed for the levels of TIMP-2 and VEGF using ELISA kit (RayBio ® Human TIMP-2 ELISA Kit and RayBio ® Human VEGF ELISA Kit, RayBiotech, Norcross, GA 30092, USA).
The procedure for evaluation of both TIMP-2 and VEGF is detailed below.
Reagent preparation
All samples were brought to 18°C-25°C temperature. Assay diluent B of kit was prepared in 1:5 dilution. Assay diluent A of kit was used for dilution of serum in 1:5 dilution. Calibrator (standard protein -Item C of kit) was prepared by spinning a vial of it and adding 640 µl of diluent A. Appropriate serial dilutions were made to establish the dilution range of the samples at which the concentration of the sample was in the linear range of the standard curve. Wash buffer was prepared in 1:20 dilution.
Detection antibody concentrate preparation was done by spinning the detection antibody vial of kit and addition of 100 µl of assay diluent B. Dose for ninety samples was calculated. Horseradish peroxidase (HRP)-streptavidin concentrate vial of kit was mixed gently and diluted 300 folds with assay diluent B. Assay procedure One hundred microliters of calibrator was added to wells and incubated for 2.5 h at room temperature. It was cleaned by wash buffer, followed by addition of 100 µl of antibody to each well and incubated for 1 h. Cleaning with wash buffer was repeated. Thereafter, 100 µl of streptavidin solution was added to each well and incubated for 45 min. Washing was again performed, which was followed by addition of 100 µl of tetramethylbenzidine substrate reagent to each well and incubated for 30 min. Finally, 50 µl of stop solution was added to each well, and reading was made immediately at 450 nm.
Clinical assessment
The clinical outcome was assessed as per the criteria mentioned before. [1] The regression was evaluated by cessation of growth, lightening of color, and flattening of surface. The cessation of growth was evaluated by measuring the lesion in two maximal dimensions perpendicular to each other, before and after the initiation of the treatment. The response was graded as:
• Excellent ->75% regression without any significant scarring • Good -50%-75% regression with or without scarring • Poor -25%-50% regression with or without scarring • No response -<25% or no regression.
Responses 1 and 2 were taken as responded groups and 3 and 4 as nonresponding groups. Response 1 was placed in Category 1; Response 2 was placed in Category 2; Groups 3 and 4 were placed in Category 3 [ Figure 2 ].
Data analysis
All the details were entered into the Microsoft Excel datasheet. The result was analyzed using IBM SPSS Statistics for Windows, Version 16.0. (SPSS Inc., Chicago, IL, USA). The unit of measurement was picogram, and values are presented as mean ± standard deviation. Student's t-test was applied to compare results before and after the intervention at different intervals. One-way analysis of variance was used for category-wise analysis of response. P < 0.05 was taken as statistically significant.
Results
The duration of this study was from June 2016 to November 2017. Of the 15 patients, which we evaluated, 11 were female and 4 were male. None of them had any cardiac problem. The mean age of patients was 7.1 months (range: 1-11 months). Thirteen patients responded to treatment (excellent -4 and good -9), [ Figure 3 ].
The minimum size of hemangioma was 20 cm 2 . It was >100 cm 2 in one patient. Hence, there was a wide variation in size. The involved parts included head and neck (9), upper limb (3), and back (3). There was ulceration in two patients. It was superficial hemangioma in 9 and mixed in 6 patients. There was no patient of deep hemangioma. The three patients who showed poor response were of mixed type [ Table 1 ].
The mean value of baseline VEGF was 0.234 ± 0.059 (range: 0.114-0.291). The sequential monthly values were 0.211 ± 0.075 (range: 0.102-0.375), 0.227 ± 0.056 (range: 0.16-0.325), 0.210 ± 0.068 (range: 0.134-0.359), 0.205 ± 0.045 (range: 0.146-0.283), and 0.207 ± 0.066 (range: 0.137-0.341), respectively. Overall comparison of all patients showed that visible changes were observed in levels of VEGF. However, as compared to baseline value, the P value was statistically not significant in any of these sequential values (P > 0.05).
The mean value of baseline TIMP-2 was 1.338 ± 0.679 (range: 0.999-3.135). The sequential monthly values were 1.015 ± 0.313 (range: 0.149-1.26), 1.174 ± 0.091 (range: 1.047-1.303), 1.170 ± 0.138 (range: 1.017-1.449), 1.088 ± 0.115 (range: 0.929-1.295), and 1.155 ± 0.095 (range: 1.006-1.316), respectively. Like the VEGF values, visible changes were observed in levels of TIMP-2. However, as compared to baseline showing good response over a period of 6 months. the first frame is at 5 months, while the last one is at 11 months value, the P value was statistically not significant in any of these sequential values (P > 0.05).
Category-wise analysis was also done within the groups. The mean value of VEGF and TIMP-2 at different intervals was compared with baseline mean value for all the three categories. As regard to VEGF analysis, apart from statistically significant value in the 6 th month in excellent category and good response category in the 1 st month, all other values did not reveal any significant change. The analysis of TIMP-2 revealed a significant change in the levels from Sample 2 to Sample 6 in the excellent response group. No other group or sample revealed a significant change [Tables 2-5 ]. However, it is to be noted that despite a significant change in levels of TIMP-2 levels in the excellent group, the levels did not show a specific trend either increasing or decreasing. Hence, a definite correlation could not be established.
Discussion
Propranolol is a well-known nonselective beta-blocker. After its incidental discovery in 2008, [8] it has become the standard treatment for IH all around the world. Despite its continuous use, the exact mechanism of action of propranolol is not clear. Based on studies, it has been suggested that endothelial cells in proliferating IH are arrested in an early developmental stage of vascular differentiation. [3] Since angiogenic factors such as VEGF, bFGF, and others are raised during proliferation phase of IH, [6, 10, 14, 15] researchers have focused their attention on the possibility of VEGF being the target for action of propranolol.
In a study of 22 patients, VEGF evaluation was conducted at 1 and 3 months, respectively. The authors observed a statistically significant decrease in VEGF levels at 1-month interval. The decrease continued at 3 months, although it was not statistically significant. [9] In another study comprising 97 patients, the authors demonstrated a statistically significant decrease in the levels of not only VEGF but also that of bFGF and MMP after 2 months of propranolol treatment. [10] In contrast to these studies, the statistically significant decrease in VEGF levels was not noted at 1 month in a study of 35 patients. [13] However, the decrease was found to be statistically significant after 2 months of treatment with propranolol. Finally, there has been a study where decrease in VEGF levels was statistically significant at both 1-and 2-month intervals. [12] From all of the above-discussed studies, it is evident that VEGF does decrease significantly after treatment with propranolol. However, it may occur at either 1-or 2-month interval or both. The current study differs from these by the fact that VEGF was measured sequentially for 6 months. We observed that at no point of time, the changes in the VEGF levels were statistically significant. In our study, when category-wise analysis was performed, it is to be noticed that there were statistically significant changes in the VEGF levels only at the 6 th month and not at one or two months. Hence, to assume that propranolol affects VEGF on the basis of randomly taken two samples does not appear tenable. Propranolol not affecting VEGF was also demonstrated in a study of fifty patients. [16] Although there was a declining trend, there was no statistically significant decrease after 3 months of continuous therapy. Besides, this study contradicted the correlation of IH size and VEGF levels, which was found by Chen et al. [9] Since TIMP-1 and TIMP-2 levels increase during the involution phase, [3, 4, 6, 7, 17] this decreases the activity of MMP, which is upgraded in the proliferative phase of IH. For this reason, we wished to assess whether propranolol, apart on a possible role in halting the proliferation phase, has a role in promoting or enhancing involution of IH. At the inception of this study, there was no previous work, which has evaluated the effect of propranolol on TIMP. While we assessed the TIMP-2, there may be a question as to why we did not go for TIMP-1 analysis. First, as literature points that both TIMP-1 and TIMP-2 are increased during involution, any of them may be assessed. Second, there has been extensive analysis, which points out that both TIMP-1 and TIMP-2 in serum are major serum factors that play important roles in inducing the TIMP-1 gene and causing secretion of TIMP-1 protein from Gin-1 cells. [5] Besides these, cost limitation did not allow us to evaluate both of them. We did not go for the tissue analysis, as almost all of our patients responded to propranolol, and it was not ethically possible to obtain samples from them.
In our study, we could not find any statistically significant change in the levels of TIMP-2 over a period of 6 months. As mentioned in the results, despite a significant change in its levels in the excellent response category, a definite trend could not be established.
Hence, it appears that propranolol does not affect its action by promoting involution. In a very recent experimental study in human monocytes, it has been observed that propranolol inhibits MMP-9; however, its effect on TIMP-1 or TIMP-2 could not be confirmed. [18] As discussed above, propranolol has an effect on MMP.
Since there was no statistically significant change in the levels of VEGF and TIMP-2 over a period of 6 months, the rationale for a 6-month duration of propranolol treatment [19] could not be substantiated. It appears to be a recommendation, which has no definite proof. In fact, a very recent study suggests that treatment with propranolol may be continued beyond 6 months. [20] The limitation of this study is small sample size. Cost constraints did not permit us to go beyond 15 patients. However, we feel that ninety samples may be adequate for analysis. We were not able to analyze tissue samples, where all of the studies have found that TIMP-1 or TIMP-2 is increased during involution. Besides, not studying TIMP-1 levels for certain reasons as mentioned earlier also limited our analysis. However, we feel that a new domain in the form of serum analysis is opened for further researches.
An important concern was the age of patients. In Western world, patients present early, and early initiation of treatment may be possible. In our setup, patients present to a specialized center at a later age (7 months in this study). This is due to multiple factors such as lack of information, economic reasons, and treatment taken from nearby centers who manage the condition inappropriately. We are unable to deal with delayed presentation. Still, as mentioned in the literature that 1 st year is the proliferative phase in the natural cycle of IH, [4, 21, 22] we believe that there is always a possibility of response to propranolol and evaluation of the serum levels of VEGF and TIMP (TIMP-2 in our study).
Conclusion
On the basis of serum levels VEGF and TIMP-2, we did not find concrete evidence that propranolol acts by affecting serum VEGF or TIMP-2. Since the changes in serum levels did not change with the duration of treatment, especially for VEGF, the arbitrary limit of 6 months may need to be redefined. Further studies in this regard may substantiate our efforts.
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